Carbon coils could be synthesized on nickel catalyst layer-deposited silicon oxide substrate using C2H2 and H2 as source gases and SF6 as an additive gas under thermal chemical vapor deposition system. The characteristics (formation density and morphology) of as-grown carbon coils according to the injection stage of SF 6 gas incorporation were investigated. A continuous injecting of SF6 gas flow could give rise to many types of carbon coils-related geometries, namely linear tub, micro-sized coil, nano-sized coil, and wave-like nano-sized coil. However, the limitation of the geometry as the nano-sized geometries of carbon coils could be achieved by the incorporation of SF6 in a short time (1 min) during the initial deposition stage. A delayed injection of a short time SF 6 gas flow can deteriorate the limitation of the geometries.
I. Introduction
Carbon coils have been occasionally found as the low-content byproducts of the vapor preparation of the carbon fibers in microwave plasma-enhanced chemical vapor deposition or in thermal chemical vapor deposition [1, 2] . Because of the unique shape, they were predicted to have promising materials characteristics [3, 4] . Microscopically, helically coiled carbon nanotubes were known to be constructed by periodically inserting heptagonal and pentagonal rings into hexagonal network [5] . Double helix shaped carbon coils geometry may induce an electrical current and consequently generate a magnetic field.
So, electrical, magnetic and mechanical properties of carbon coils are more attractive for nanoelectromagnetism than straight ones [6] . The electrical properties of carbon nanofilaments or helically coiled carbon nanotubes may be metallic, semiconducting or semi-metallic depending on their geometry including diameter and the pentagonal and heptagonal rings placement in carbon coils [7] [8] [9] . Therefore the controlled geometry of carbon coils would be essential to achieve the controlled electrical properties of carbon coils. Indeed, carbon coils devices or sensors were supposed to show the femto-scaled sensitivity and ultra-high resolution [10, 11] . Furthermore, the coiled structure seemed to avoid the covalent functionalization problem in the graphite network of the reinforced carbon nanotube [12] . Carbon species to form carbon coils are generated from H2+C2H2 flow (C2H2 flow on). On the contrary, H 2 +SF 6 flow (C 2 H 2 flow off) may etch carbon components. Fig. 1 shows the detailed manipulation of these gases flows according to the processes.
We fixed H2 flow rate, C2H2 flow rate, SF6 flow rate and total reaction time as 35 sccm, 15 sccm, 35 sccm and 90 min, respectively. The detailed reaction conditions according to the different processes with samples were shown in Table 1 .
Detailed morphologies of carbon coils-deposited substrates were investigated by using field emission scanning electron microscopy (FESEM). (Fig. 3(a) ). 
III. Results and Discussion

